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NOTE TO READER

This report is designated as Section 5.5.4 in Chapter 5 -- MANAGEMENT

PRACTICES AND TECHNIQUES, Part 5.5 -- WETLAND HABITAT MANAGEMENT, of the

US ARMY CORPS OF ENGINEERS WILDLIFE RESOURCES MANAGEMENT MANUAL. Each section

of the manual is published as a separate Technical Report but is designed for

use as a unit of the manual. For best retrieval, this report should be filed

according to section number within Chapter 5.
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Potholes are defined as shallow open-water retention areas or basins with

surface areas of usually less than 4 acres (Atlantic Waterfowl Council 1972,

Yoakum et al. 1980). Artificial potholes are smaller, usually 1/10 to

1/2 acre in size, and are most often created by bulldozers, draglincs, and

blasting with explosives (Schnick et al. 1982). This report discusses the use

of blasting methods to create artificial potholes. Its purpose is not neces-

sarily to promote blasting as a preferred management practice, but rather to

provide technical information that will help the biologist make sound manage-

ment decisions regarding the use of blasting techniques. Additional

strategies for managing waterfowl habitat are described in other sections of

this manual.

MANAGEMENT OBJECTIVES

The primary objective for pothole blasting is to improve sites as water-

fowl habitat by creating open-water areas in an otherwise monotypic stand of
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emergent wetland vegetation (Fig. 1). Well-placed and properly blasted pot-

holes can be e ?ecially beneficial to wildlife by increasing the interspersion 0

of vegetative cover and aquatic habitats (Strohmeyer and Fredrickson 1967,

Hopper 1972). Other potential benefits include provision of (1) open-water

areas to attract waterfowl for courtship activities and brood-rearing,

(2) additional aquatic areas to help disperse waterfowl throughout a marsh,

(3) improved loafing or feeding areas, and (4) dependable water sources during

dry periods for wetland-dependent wildlife species (Atlantic Waterfowl Council

1972, Schnick et al. 1982).

Pothole blasting has been most widely used in the prairie pothole region

of the northern United States and southern Canada to restore or create water-

fowl habitat (Provost 1948, Mathiak 1965, Strohmeyer and Fredrickson 1967,

Hoffman 1970). However, the practice has also been used successfully in other

regions. In the Chesapeake Bay area of Maryland, Warren and Bandel (1968)

found blasting to be an appropriate management technique in both fresh and

salt marshes. Blasting was used to reclaim small woodland potholes on the

Chippewa National Forest in Minnesota (Mathisen et al. 1964), and it has been

applied to improve marsh sites in Colorado (Hopper 1972), New Mexico

(Stahlecker and Skinner 1980, Skinner 1982), and other western states. In

Missouri, potholes have been blasted to create open-water areas for attracting

waterfowl to managed moist-soil units (George Seek, Missouri Department of

Conservation, pers. commun., 1967).

Blasting should be considered for pothole construction only when the

manipulation of water levels by other means proves impractical for obtaining

the desired relationship of open water to suitable cover (Provost 1948). It

is most appropriate where site conditions limit the use of heavy equipment

(dredges. dozers, and draglines) for pond creation (Mathisen et al. 1964).

The project manager should carefully consider site characteristics, safety

factors, adjacent land uses, the proximity of structures and human activities,

and alternative methods to wetland development before embarking on a pothole

blasting program.

CAUTIONS AND LIMITATIONS

Although blasting potholes has been used successfully to create wetland

diversity and attract waterfowl in sev-ral regions, the resource manager
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Figure 1. Artificial potholes created by blasting in marsh habitats
in northern Iowa (courtesy Guy Zenner, Iowa Department of5 Natural Resources)
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should be aware of some serious limitations to the technique. It became a

popular management practice in the 1960s when the development of ammonium

nitrate and fuel oil (AN/FO) mixtures provided a cost-effective blasting

agent, and numerous openings were blasted in public and private wetlands.

However, later studies showed that many of these potholes provided only

limited nesting and brood-rearing habitat and had no apparent effect on water-

fowl production (Burger 1973). Artificial techniques such as blasting may

also be less aesthetically pleasirg than more natural approaches to wetland

management and are less likely to produce the zonation typical of natural

plant communities (Weller 1978, 1981).

A disadvantage of using explosives to create potholes is the extremely

steep and sometimes almost perpendicular sides that often result from the

blast (Fig. 2). This condition creates habitats that are less attractive to

waterfowl than basins with gradual slopes (Linde 1969; Weller 1981;

Guy Zenner, Iowa Department of Natural Resources, pers. commun., 1987). The

steep sides resulting from explosives is also a concern in areas where live-

stock may become entrapped. Thus, consideration should be given to using

blasting patterns that result in more gradual slopes, especially on rangelands

(Don Childress, Montana Department of Fish, Wildlife and Parks, pers. commun.,

1988). The application of various patterns and charge sizes to achieve

desired slopes is discussed later under the topic Blast:ing Methods.

Opinion apparently differs as to the suitability of pothole shorelines

for waterfowl. The banks of potholes blasted in Manitoba were used primarily

as loafing sites; ducks spent 86% of their time on top of elevated banks,

which provided a good vantage point or lookout (Hoffman 1970). However,

blasting does not always leave exposed soil banks suitable for loafing and

nesting (Burger 1973). Factors that apparently affect the characteristics of

banks resulting from pothole blasting include soil type, hydrologic condi-

tions, type and amount of explosive charge used, and reinvasion potential of

surrounding plant communities. Periodic maintenance and site manipulation may

be needed to ensure a diversity of exposed and vegetated areas to satisfy

waterfowl loafing, nesting, and cover requirements.

Even though blasting is considered cost effective (see section on Person-

nel and Costs), draglines or bulldozer ditching and dredging have certain

advantages over using explosives (Burger 1973). The use of low-level dams to 0
slightly raise water levels may be less expensive and more effective than
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Figure 2. Blasted potholes showing steep sides and blown out material

(courtesy Guy Zenner, Iowa Department of Natural Resources)
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blasting in some areas (Strohmeyer and Fredrickson 1967). Guy Zenner (pers.

commun., 1987) recommended that better alternatives to blasting (although

probably more expensive) might consist of (1) building a water control struc-

ture at a wetland's outlet and regulating the water level or (2) selectively

removing soil from the basin with a dragline or bulldozer. It should be noted

that blasting or ditching in wetland areas may require a permit under Sec-

tion 404 of the Clean Water Act (Public Law 92-500).

Ti.e State of Minnesota no longer recommends pothole creation using either

blasting or dragline methods because of past damages to wetland habitats

resulting from the improper application of these techniques, especially on

private lands (Richard A. Carlson, Minnesota Department of Natural Resources,

pers. commun., 1987). Large open-water areas are occasionally created with

dozers in dry weather periods or during wetland drawdowns: however, this is

usually not recommended unless a vegetation-choked wetland is at least

80 acres in size and there is a natural open-water wetland nqarby.

A critical concern regarding pothole blasting is the potential safety

hazard inherent with the use of explosives. Basic precautions for handling

and applying explosives are provided in Appendix A. Safety procedures are

also emphasized in the text under Preparation for Blasting and Blasting

Methods.

WILDLIFE USE

Habitat created by pothole blasting is considered most beneficial to

migrating and breeding waterfowl (primarily dabbling ducks) by providing

seclusion, feeding, nesting, and loafing sites (Provost 1948, Strohmeyer and

Fredrickson 1967, Hoffman 1970). Artificial potholes in Iowa were most

attractive to blue-winged teal (Anas discors) on spring migration, and

greatest use occurred when excavations were new (Provost 1948). In Colorado,

95.4% of pothole use by waterfowl was in the spring; mallards (A. platyrhyn-

chos) and blue-winged teal composed 61.7% and 10.4%, respectively, of duck3

using the potholes (Hopper 1972). Hoffman (1970) reported that 66% of all

waterfowl use of potholes in Manitoba was by breeding pairs of dabbling ducks,

primarily blue-winged teal (56.4%). Other dabbling ducks that use blasted

potholes are northern pintail (Anas acuta), gadwall (A. strepera), American

wigeon (A. americana), northern shoveler (A. clypeata), green-winged teal
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(A. crecca), and American black duck (A. rubripes) (Provost 1948, Hoffman

1970, Hopper 1972).

Use of artificial potholes by diving ducks is limited; species occasion-

ally reported are lesser scaup (Aythya affinis), ring-necked duck

(A. collaris), redhead (A. americana), and canvasback (A. valisineria). Hop-

per (1972) counted only 4 instances of use by Canada geese (Branta canadensis)

during a 3-year study of potholes in eastern Colorado. Other species of birds

reported to occur in pothole habitats include pied-billed grebe (Podilymbus

podiceps), American coot (FuZica americana), American bittern (Botaurus

lentiginosus), king rail (Rallus elegans), Virginia rail (R. limicola), sora

(Porzana carolina), red-winged blackbird (Agelaius phoeniceus), yellow-headed

blackbird (Xanthocephalus xanthocephalus), swamp sparrow (Melospiza georgi-

ana), and common yellowthroat (Geothlypis trichas) (Provost 1948). Ring-

necked pheasants (Phasianus colchicus) were attracted to the edge of newly

blasted potholes in Michigan and Wisconsin (Mathiak 1965).

Mammals reported to use habitats associated with potholes are muskrat

(Ondatra zibethica), mink (Mustela vison), raccoon (Procyon lotor), striped

skunk (Mephitis mephitis), ground squirrels (Spermophilus spp.), meadow

jumping mouse (Zapus hudsonius), long-railed shrew (Sorex dispar), white-

tailed deer (Odocoileus virginianus), and cottontails (Sylvilagus spp.)

(Provost 1948, Mathiak 1965). Reptiles that frequent potholes include the

common snapping turtle (Chelydra serpentina), painted turtles (Chrysemys

spp.), garter snakes (Thamnophis spp.), cricket frogs (Acris spp.), and leop-

ard frogs (Rana spp.) (Provost 1948). Many other nongame species potentially

use pothole habitat.

SITE SELECTION AND PLACEMENT

Site Considerations

Soil type and level of the water table are the most important site loca-

tion factors for blasting potholes. Soils that are greater than 6 ft deep or

without a hardpan (a cemented layer of coarse mineral soil or compacted clayey

layer impenetrable to plant roots) are not conducive to blasting (Scott and

Dever 1940, Provost 1948). Blasting should not be attempted in peat soils

unless a mineral soil is within 3 to 4 ft of the surface (Mathisen et al.

1964, Bedish 1972). In deep peat soils, the bottom of the hole is loosened by
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the blast, and material may float up and fill the pothole within a year.

Coarse mineral soils and clays are more conducive to blasting than are sands,

sandy-clays, silts, or peat soils (Strohmeyer and Fredrickson 1967).

The depth of the water table is also important in preserving size and

shape of the hole (Provost 1948). Inundation of the hole immediately after

blasting helps preserve its volume and depth, whereas exposure to air hastens

the loss of both. Soils exposed to alternate periods of drying and wetting

will fragment more quickly than soils that are continually wet or dry.

Greatest initial depth is attained when the water table is at or less than

4 in. below the surface at the time of blasting. The higher the water table,

the less depth is needed to preclude plant regrowth and maintain the clearing

(Provost 1948).

Location and orientation of excavations should be planned with considera-

tion given to potential impacts from wave action on the completed basin or

ditch (Scott and Dever 1940). Loss in depth and volume result primarily

through erosion of the sides by wave action. Therefore, the long dimension of

a ditch should be oriented with the prevailing winds. If possible, potholes

should be located where surrounding vegetation will provide a windbreak.

The vegetation existing on a site can sometimes be used as a guide to

help determine if it is suitable for pothole development. Provost (1948)

found that if sedges (Carex spp.) dominated a marsh, the water table was gen-

erally inadequate to maintain potholes throughout the waterfowl nesting season

because such areas usually dried up in the summer. However, sedge-dominated

marshes are often underlain by a considerable amount of water that can be

easily exposed by blasting. The major drawback is that the holes will likely

change shape and may become covered with floating sections of sedge mat (Guy

Zenner, pers. commun., 1987).

Location

Artificial potholes are of greatest value to waterfowl where dabbling

ducks are abundant and where open-water habitats are limiting. Potholes

located near good waterfowl areas or along flight lanes can be expected to

receive greater use in a shorter period of time than those located far from

duck concentrations (Mathiak 1965). Although potholes have primarily been

created in marsh habitats, Strohmeyer and Fredtickson (1967) suggested that

isolated bogs, shallow and continuously vegetated ponds, and wet meadows may

10



be better suited to blasting. Extensive mud flats in reservoir drawdown zones

and along riparian corridors may also be potential sites for pothole blasting.

However, the longevity of potholes in drawdown zones may be severely reduced

due to bank erosion caused by wave action during both drawdown and filling

(Don Childress, pers. commun., 1988).

Provost (1948) recommended that potholes blasted for dabbling ducks be

located as close as possible to good upland nesting cover. In areas where

marshes are subject to severe summer drought, potholes should be located

within 0.5 mile of suitable brood-rearing habitat (Atlantic Waterfowl Council

1972). However, blasted potholes in Manitoba did not function as brood

habitat, and there was little direct relationship between nest location and

pothole use when adequate nesting cover was available (Hoffman 1970).

Similar conclusions were reached by Evans et al. (1952) and Evans and Black

(1956) in Manitoba and South Dakota, respectively.

Spacing and Dimensions

The number of potholes desired and their spacing will depend on the

existing cover-to-water ratio and interspersion of cover types in the manage-

ment area. Linde (1969) recommended that pothole arrangements be in block

form, but patterns and sizes may have many variations based on site character-

istics and management objectives. Hammond and Lacy (1959) suggested spacing

potholes 150 to 200 ft apart, and Mathiak (1965) recommended one hole every

200 to 300 ft. Warren and Bandel (1968) suggested blasting potholes in groups

of 5 to 15 within a radius of 200 ft, with similar clusters arranged at inter-

vals of 500 to 1000 ft. Another strategy for pothole placement is the satura-

tion method in which a marsh area is covered with ponds of various sizes

(Warren and Bandel 1968). Emergent cover well interspersed with open water in

a 1:1 ratio has been shown to support the greatest diversity and density of

breeding waterbirds, including dabbling ducks, in inland fresh marshes (Weller

and Spatcher 1965, Weller and Fredrickson 1974, Kaminski and Prince 1981,

Murkin et al. 1982). This relationship may generally be used as a guide to

determine how many potholes are needed and where they should be placed. How-

ever, limitations to project funds and available personnel will seldom allow

the manager to achieve an ideal cover-to-water ratio using pothole blasting

methods.
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A variety of blasting strategies can be used to create ditches or oval to

round potholes (Fig. 3). Hammond and lacy (1959) found the optimum size of

potholes to be 20 to 25 ft wide and 40 to 75 ft long, with a surface area of

500 to 2000 sq ft and a preferred depth of 4 ft. Potholes blasted in Manitoba

averaged 26 ft wide, 55 ft long, and 5 ft deep (Hoffman 1970). Best results

were obtained in Maryland freshwater marshes with potholes 30 to 35 ft in

diameter (Warren and Bandel 1968); a hole 5 to 6 ft deep when blown was still

4 to 5 ft deep after some filling occurred. Hopper (1972) examined 84 pot-

holes blasted using several AN/FO charge sizes and found that potholes averag-

ing approximately 570 and 850 sq ft received significantly more duck use than

those averaging 200 and 290 sq ft.

It is strongly recommended that the manager experiment with various-sized

charges to determine the optimum amount of explosive needed to give best

results in the project area (Linde 1969). Additional information on blasting

patterns and results is provided in the descriptions of blasting methods.

PREPARATION FOR BLASTING

The use of explosives to create potholes should be strictly supervised by

qualified, experienced personnel. Although basic safety requirements are dis-

cussed in this report, the information presented is intended to provide a

description of techniques and not a detailed guide to the use and care of

explosives and blasting agents. Project personnel must not attempt blasting

unless they have received proper training, and the appropriate clearances and

permits must be obtained. The manager must always consider the potential

impacts of concussions on surrounding property to avoid damages to structures

and injury to humans and livestock.

For maximum efficiency, blasting should be done when climatological

records indicate a probable rise in the water table (Provost 1948). Blasting

must occur when wind conditions are favorable. A moderate to strong wind

blowing tway from the axis of the charge will prevent debris from falling back

into the excavation (Fig. 4); this is especially true for holes with large

diameters (Scott and Dever 1940, Provost 1948, Mathisen et al. 1964). Strong

winds are an important safety factor because blasting personnel can station

themselves upwind to avoid the effects of fallout (Mathiak 1965). Addi-

tionally, blasting on windy days makes the concussion much less noticeable and

rapidly dissipates gases produced by the blast.
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Figure 4. Potholes should be blasted when there is a moderate to strong
wind to keep debris from falling back into the excavation
(courtesy George Seek, Missouri Department of Conservation)

Blasting must never be attempted during an electrical storm or when one

is impending. A lightning strike or nearby miss is almost certain to initiate

both electric and nonelectric blasting caps and other sensitive explosive

elements, such as caps in delay detonators. Even at remote locations,

lightning strikes can cause extremely high local earth currents that may

initiate electrical firing circuits. The effects of remote lightning strikes

are amplified by proximity to conducting elements, such as those found in

buildings, fences, railroads, bridges, streams, and underground cables or con-

duit. The only safe procedure is to immediately suspend all blasting activi-

ties when climatic conditions favor electrical storms (US Army 1986; George

Seek, pers. commun., 1988).

Even though soils may appear suitable for blasting, preliminary soil

borings should always be made to ascertain the underlying substrate.

Don Childress (pers. commun., 1988) stated that heavy soils blasted along old

river oxbows in Montana were often found to overlay gravel beds at varying

depths. Blasting under these conditions can result in the shock wave being
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